landscape qualities, and the appeal of the mountain landscape for recreation and tourism. Land use change scenarios based on different agri-environmental incentives were developed for the Jotunheimen mountains, Norway, in collaboration with local stakeholders. Sustainability assessments of the scenarios underscored the connections between landscape, biodiversity and local cultural heritage as the fundament for the development of local enterprises for tourism and niche production. Biodiversity values solely, were not considered to be of major importance by the stakeholders.
Introduction
Mountains have been used by humans since prehistory and are, to a great extent, cultural landscapes shaped by different farming systems (Jodha, 1997; Parish, 2002; Soliva et al., 2008) . Mountain agricultural landscapes reflect functional land use systems and the interdependence between valleys at lower altitudes and their surrounding mountains. The extraction of resources from mountain systems to complement and sustain agrarian production in farming communities at lower altitudes has impacted and shaped landscape and habitats in the mountain environment (Grötzbach and Stadel, 1997; Dodgshon and Olsson, 2007) . The restructuring and decline of small and medium-scale agriculture has been a general trend over the last 50 years, and is particularly evident in mountain areas (Olsson et al., 2000; Mottet et al., 2006; Tasser et al., 2007) . These changes are driven by new technologies, agricultural policies and increasingly globalised markets, which means that areas such as mountain regions, which are marginal for agriculture due to their physical and infra-structural disadvantages, have been losers in the restructuring processes (Green, 2005; Statistics Norway, 1999 . The practice of many traditional, low-intensity farming systems have led to the facilitation and maintenance of species in semi-natural habitats such as grasslands, grazed woodlands and non-ploughed corridors between arable lands. Such species are dependent on the continuation of specific land uses, and become threatened as agriculture declines (Olsson et al., 2000; Weibull et al., 2003; Berendse et al., 2004; Hietala-Koivu et al., 2004; Young et al., 2005; Reidsma et al., 2006) . As a result of the close relationships between such farming systems and habitats and species of high nature conservation value, such systems have been termed High Nature Value farming systems and have been deemed a high policy priority within the current (2007) (2008) (2009) (2010) (2011) (2012) (2013) ) EU Rural Development Programme (Beaufoy, 2008) .
However, since the mid-1990s, an increased demand (EU, 2006; CBD, 2006) for sustainable agriculture and environmentally friendly production has led to increased attention to food safety, local food production systems and branding of food products. This trend, together with the expansion of tourism into rural environments, may to some extent counteract current developments (van der Ploeg and Renting, 2000; Miele and Murdoch, 2003; Tellstrom et al., 2005) although its potential to secure rural viability is yet uncertain and may vary greatly between different regions.
What are the likely future developments, what are the alternatives and what may be the consequences for landscape, biodiversity and rural viability in such regions with agricultural decline? Is it possible to reconcile agricultural decline and restructuring with biodiversity conservation and rural development? The concept "rural viability" in this paper is used as a dimension of sustainable development, addressing economic, cultural and environmental factors in the study area. This paper presents results from an interdisciplinary project in which ecologists and social scientists collaborated together with local stakeholders, and where scenario techniques were used, combined with sustainability appraisals. The aim was to identify possible future developments and to illuminate the consequences for the economical, social, cultural and biodiversity dimensions in two municipalities in the Jotunheimen Mountain range, Norway. The present study was carried out as part of "BioScene", an EU-project (Scenarios for Reconciling Biodiversity Conservation with Declining Agriculture Use in Mountain Areas in Europe -EVK2- CT-2002 CT- -00167, 2002 CT- -2005 across six European mountain areas, see Mitchley et al., 2007; Soliva et al., 2008; Sheate et al., 2008; Partidário et al., 2009 , describing the overall framework, methodology and comparisons between the six study areas.
The study areas of Scotland, Greece, Switzerland, France, Slovakia and Norway have much in common in terms of structural and demographic challenges. Norway is in addition characterised by being a high income-high cost country, relatively low degree of wage differentiation and low unemployment rate, and most households have double income, meaning that recruitment to agriculture with its low profitability becomes increasingly difficult (Almås, 2004) . In terms of potential for diversification e.g. into tourism and local food, some further constraints are linked to the country's peripheral location in northern Europe, with long distances to commodity markets and potential foreign tourists, and a small population, below 5 millions.
Norwegian agriculture in general, and particularly agriculture in mountainous and upland areas, relies on governmental subsidies to a great extent due to the country's short growing season, small-scale farming structure, difficult topographic conditions and long transport distances. Incentives to agriculture have been an important Norwegian rural policy instrument during the post war period, maintaining employment and settlement in rural areas, as well as allowing for a certain level of national self-sufficiency of foodstuffs (Almås, 2004) . This policy has been criticised especially from liberalist quarters and not at least with respect to WTO negotiations on liberalisation of world trade in agricultural products (OECD, 2005; Løwe, 2006) . It should be noted that Norway is only 50% self sufficient with food stuff, measured in calories and the country has one of the highest import shares within the OECD (Flaten and Hisano, 2007) . Nevertheless, these policies have contributed to the maintenance of a dispersed settlement pattern and small-scale agriculture with relatively low intensity farming methods especially in mountain and fjord regions where agriculture otherwise would not had been economically viable. So, in spite of general negative effects of agricultural modernisation on landscape and biodiversity in the productive lowlands, as well as rather common contradictions and counteracting policies, there has been a positive influence in upland areas in terms of maintenance of diverse agricultural landscapes with high biodiversity and landscape values (Dramstad et al., 2001) . It is noteworthy that Norwegian conservation policy has not focused much on farmed cultural landscapes, High Nature Value farming systems or agro-related biodiversity (Daugstad et al., 2006; Olsson et al., 2004) , although there is an increasing awareness of the disappearing landscapes values due to the ongoing strong agricultural decline. It is estimated that about 35% of all species categorised as threatened or vulnerable in Norway are linked to semi-natural habitats and agricultural landscapes (Kålås et al., 2006) . During the period 2000-2007, 28% of Norwegian farms were closed down, representing one of the strongest restructuring developments in Europe. In 2008 approximately 48,500 registered active farm units remained (Statistics Norway, 1999) . Payments for agro-biodiversity and landscape management almost solely stems from the budgets of Ministry for Agriculture and Food, and have until recently been more or less totally linked to agricultural production.
Study Area
The study area is located within the two municipalities of Vågå and Lom in northern Gudbrandsdalen Valley, Oppland County, mid-Norway (Fig. 1) . The area represents a quintessence of landscape and cultural heritage values that mountain farming communities in Norway may represent, as well as the challenges their farming and land use systems are facing. The permanent farms in the valley of Vågå and Lom are located in the boreal region, and, because farmland is limited, farmers have for centuries been dependant on the use of and access to pastures and summer farms in the Jotunheimen Mountains, which are comprised of alpine and subalpine habitats.
In the Jotunheimen Mountain range, mountain birch (Betula pubescens ssp. czerepanovii [Orlova] Hämet-Athi) constitutes the treeline at 1,100-1,350 m a s l Fig. 1 . Map of study area, Norway, Scandinavia -and topographic profile Vågå-Galdhøpiggen. The study area of the sustainability appraisal includes the two municipalities of Vågå and Lom and their total area is included in the map. The study sites for the landscape analyses are plotted within the two municipalities and numbered 1-13.
The Interrelationship of Biodiversity and Rural Viability 255 . The Jotunheimen area is a key area for wildlife and nature conservation due to its scenic landscape and biological qualities, and parts of it is designated national park. The area is the home of a number of red-listed species such as the Artic fox (Alopex lagopus L.) and the mountain primrose (Primula scandinavica L.; Wehn, 2006) . The two highest mountain peaks in Norway, Galdhøpiggen (2,469 m a s l) and Glittertind (2,452 m a s l) are located in this area. Further, the Jotunheimen region is of great importance as a national heritage symbol both for Norwegian nature as well as for the culture that is rooted in mountain summer farming (Daugstad et al., 2006) , and also due to the wider connotations associated with this landscape, linked to world famous drama Peer Gynt by Henrik Ibsen (Ibsen, 1898 (Ibsen, -1902 and as the cradle of Norwegian mountaineering tourism.
Mountain summer farming has a long history in this region with roots in the 14th century (Reinton, 1955) . Its cultural impact has been multi-dimensional within a subsistence agrarian economy. Summer farming included not only livestock grazing (mainly cattle, goats, sheep), but also the harvest of a wide range of resources from the commons (such as wood, leaves, turf, mosses; Olsson, 2005) . Today this form of resource use in mountain areas is in decline, but still of considerable economic and practical importance to many farmers and livestock holders. Range grazing of semi-domestic reindeer and domestic sheep is still carried out in the mountains, while cattle graze in the enclosed grasslands of some summer farm settlements, and hay and silage are produced in cultivated pastures (Olsson et al., 2000) . The ongoing shifts in mountain agricultural practices entail the abandonment of large areas previously used for livestock grazing, which means a subsequent change through succession from open and semi-open to forested habitats of mountain birch and pine. It is notable that Norway is a forested country (37% of the land area is forest) with only 3% farmland, which includes arable and different types of pastures and other semi-natural habitats such as lowland heathlands (Ministry of the Environment, 2004) . Regrowth and forest recolonisation on former semi-natural grasslands, mainly due to reduced grazing, is therefore seen as a major threat to biological diversity (Norderhaug et al., 1999; Olsson et al., 2004; Wehn, 2009) . To maintain these land use systems of relatively low-intensive harvesting and grazing in mountain areas is thus a major challenge in order to maintain both biodiversity and cultural heritage values.
In the two municipalities studied, 15-18% of employment is within the primary sector, mainly agriculture, and with considerable multiplier effect. At the time of data collection, there were 390 active farms, of which 15% use mountain summer farms. The average farm size is 16 ha and rough grazing in the outfields (utmark) and mountain summer farming pastures come in addition. The main production is dairy products from cattle and goats and meat from sheep. Semi-domestic reindeer are held by a cooperative organisation of local families. Most farmers and farm households in the study area complement farm income with part-time and off-farm jobs in transport and in the tertiary sector. Tourism has a long tradition in the area, linked to early mountaineering tourism and the area's central location along the major transport route between western and eastern Norway. Tourism based on the combination of nature and culture heritage values, local food products and ecotourism is increasing in these areas (Rønningen et al., 2005) . Farmers are trying to hold out in spite of declining agricultural income, partly because of lack of alternatives, but maybe more important, due to strong attachment to their family farms and the region, as became evident through this study.
The landscape studies presented in this paper were conducted in the mountain summer farming landscape where the mountain summer farms are located 50-70 km from the permanent farms in the valleys of Vågå and Lom (Fig. 1 ).
Methods
The study is performed within the framework of the BioScene project. The overall methodology used for scenario development, stakeholder selection and sustainability assessment follow the methodology applied within the BioScene project and is described in Rønningen et al., 2005; Soliva et al., 2008; Sheate et al., 2008; Partidário et al., 2009 . The work process is depicted in a simplified flow-chart in Fig. 2 . Very briefly, the study included document analysis, key informant interviews, designation of stakeholder panel -see below, a questionnaire, three stakeholder meetings with structured and unstructured discussions on drivers of change, sustainability objectives, scenarios and sustainability assessment of scenarios. For the discussions with stakeholders photo visualisations of landscape changes were used. The team of ecologists carried out vegetation mapping and analysis, within selected sites within the wider study area of the two municipalities ( Fig. 1) , as well as interviews with mountain summer farmers on land use changes and agricultural practices. The resulting vegetation and landscape changes from the different land uses in the different scenarios were modelled by the ecologists. The study sites were chosen to be representative for summer farms in use in this region.
Socioeconomic framework of the scenarios
A scenario may crudely be defined as an estimation of a future situation determined by a set of conditions or characteristics, such as demographics, economics, technology, government legislation, policies, social values and attitudes (Becker, 1983; Godet and Roubelat, 1996; Godet, 2000; Xiang and Clarke, 2003) . Given the great variety in scenario approaches, there is no single "correct" scenario definition. Scenarios may be predictive ("what will happen?"), explorative ("what can happen?") or normative ("how can a specific target be reached?"; Börjeson et al., 2006) . Our starting point was that scenarios may be a useful tool for stakeholders to step out of traditional roles as defenders of certain interests in order to take a wider approach to development challenges (see Shearer, 2005; Soliva et al., 2008; Börjeson et al., 2006) that are of personal, economic or professional interest to themselves, and may thus be described as mainly having an explorative approach.
Three different scenarios of possible future development in European mountains were developed within the BioScene project and applied to the study areas in the six countries in order to explore possible implications of major drivers for change on biodiversity, agriculture/livelihoods and sustainable development over a time span of 25 years, i.e. at 2030. The drivers of change identified for the Norwegian study region were extracted from international and national trends related to agricultural and environmental policies and market developments, as described in white papers, scientific literature and public statistics, and regional and local drivers were added by the stakeholders. While the frames for the three major scenarios were similar for all the six European study areas as outlined below, their outcomes were partly different, although, as Soliva et al. (2008) conclude, forest colonisation on previously farmed land is an important factor in most of the case study areas.
(1) The Business As Usual (BAU) scenario assumes the continued domination of current drivers. Political and socio-economic drivers include a continued decrease in agricultural payments, increased import of foodstuffs, but at the same time some agri-environmental payments and an increase in farm-based tourism and demand for quality products. The impacts on agriculture and consequences for land use are two opposing trends, a gradual increase towards rationalisation and large scale farming, meaning fewer and bigger farms, and the abandonment of farmland and summer farms. There is, however, a positive effect for land eligible for landscape payments. The increase in farm-based tourism is likewise assumed to have some positive effects on the local economy as well as the maintenance of the region's cultural heritage (e.g., buildings). However, the dominant trend is significant further agricultural decline. (2) The Liberalisation (LIB) scenario is based on an assumption that liberalisation will lead to the withdrawal of all government financial support to the agricultural sector, including agri-environmental payments. Conservation schemes for non-agricultural biodiversity will be launched. Natural resources in mountain areas will be increasingly commercialised, e.g., in terms of cabin development and various resource-demanding recreational activities. Most farms will close down their agricultural activities. (3) A Managed Change for Biodiversity (MCB) scenario, in which no public financial support is given to agricultural production since the agricultural market has been liberalised. A strong decline in conventionally driven farms is expected. However, substantial governmental financial support is given to biodiversity conservation through agri-environmental payments and various conservation schemes towards encouragement of maintaining open seminatural grasslands. Such grasslands are biodiversity hotspots in Scandinavia with rapidly shrinking spatial distribution and differ in the biodiversity aspect from semi-natural heathlands in Scandinavia. The underlying assumption here is that this will lead to a diversification of the rural income base towards environmental management, rural tourism and niche products.
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Stakeholder panel
A stakeholder panel with 12 individuals was established for the purpose of consultation (see Partidário et al., 2009, Fig. 2, step 2) . Stakeholders were chosen in order to represent both relevant users or decision makers in the area (farmers, tourism representatives, local and regional officials within agriculture, environment and planning, interest organisations, recreational users etc.). At the same time it was stressed that they foremost should represent themselves coming forward with own experiences and ideas.
a Individual interviews were carried out at the start of the project, followed by participation in three stakeholder meetings that were held during a three-year period, to assess interpretations of past changes, to discuss future trends and to evaluate the scenarios. The stakeholders provided feedback on proposed draft objectives by answering a questionnaire, then discussed, defined and ranked sustainability objectives for their local community at a stakeholder meeting. The land use implications of the three scenarios were elaborated in group discussions in collaboration between stakeholders and scientists.
Modelling landscape consequences of scenarios
The three scenarios were used to generate future landscapes of the sub-alpine mountain valleys (Fig. 2, step 5 ) by using a classification tree model that was based on vegetation, topography, and land use information data (Table 1 ; see method descriptions in Witten and Frank, 2000; Cairns, 2001; Miller and Franklin, 2002; Taverna et al., 2005) . Vegetation data were collected for two time periods, 1960s and 2002, using aerial photographs that were verified through fieldwork. The vegetation was classified in 10 classes; cultivated land, subalpine grassland, grassland in transition to woodland, heathland, heathland in transition to woodland, birch forest, pine forest, mixed forest, bog, and alpine grassland. Topographic variables (altitude, slope, aspect, radiation, and a topographic wetness index; Reuter, 2004) were calculated from a Digital Elevation Model (DEM; data provided by the Norwegian mapping authorities). Land use information was obtained from interviews with farmers and local users of the area and included a The stakeholder panel consisted of a representative of local farmers' organisations, a relatively expansive, "productivist" farmer, an organic farmer, leaders of two municipal agricultural offices, a teacher in natural resource use of a vocational school, a regional county agricultural office representative, a member of National Mountain Board, a State Nature Monitoring Office local representative, a forest enterprise representative, a local food initiative representative, a member of the Local Hunters and Anglers Association. Several of these individuals were at the same time involved in farming and/or tourism activities in addition to their main occupation.
information of infield and common grazing regimes, number of livestock, and composition of grazing herds which was used to calculate grazing pressure (see Wehn, 2009 , for more detailed information). Information on use of artificial fertilisers, cultivation and tree clearing was also achieved and included as categories in the variable agricultural practice. The three different future landscape scenarios were generated by using present vegetation and land use as basis for the predicted vegetation and landscape development for each policy scenario that was elaborated by the stakeholder panel (see Fig. 2 , step 4).
Analysing landscape diversity consequences of scenarios
Several landscape metrics were generated from the vegetation in 2002 and the three future landscape scenarios for the analysis of landscape diversity and habitat fragmentation (Fig. 2, step 6a ). This included patch size, patch perimeter, patch numbers and the Shannon-Weaver Evenness index (Leitão and Ahern, 2002; Li et al., 2005) .
Sustainability appraisal
A sustainability appraisal was used here as a systematic process for the assessment of likely economic, social and environmental consequences of the three scenarios (see Smith and Sheate, 2001; Sheate et al., 2008; Partidário et al., 2009) . The appraisal was undertaken jointly by stakeholders and the research group (Fig. 2,  step 6 ). For this purpose, 20 specific sustainability objectives (Appendix 1) and associated indicators for the study area were developed for five main categories: (1) Biodiversity, (2) Natural resources management, (3) Rural economic development, (4) Social and cultural development, and (5) Institutional capacity building (meaning enhancing local participation, cooperation and competence within local institutions, also implying potential for development of jobs for The Interrelationship of Biodiversity and Rural Viability 261 qualified people). The main categories were common for all the six European study areas. The objectives were derived from international conventions, national objectives national White Papers (e.g., CBD, 1992; Ministry of Agriculture, 2000; Ministry of the Environment, 2001a Environment, , b, c, 2004 UN, 1992) , as well as regional and local policy and planning documents, and then discussed and ranked by the stakeholders. Altogether 20 objectives of locally specific sustainability objectives for the study area were developed, Appendix 1 (see Rønningen et al., 2005 , for details). The implications of the scenarios versus sustainability objectives were assessed using a sustainability assessment matrix-based evaluation (see Soliva et al., 2008) . This was conducted in deliberative group discussions with the stakeholders.
Results

Sustainability objectives for the study area
Of the 20 defined objectives for the study area (Appendix 1), the stakeholders identified three as their top priorities in terms of sustainability/rural viability in the area: (1) Maintain family farming, incl. mountain summer farming, and a varied animal husbandry based on local grazing resources; (2) Ensure a sustainable use of mountain resources linked to fishing, hunting, grazing, forestry, recreation and tourism; and (3) Create qualified job opportunities for highly educated people in the local community that would attract to the region both immigrants and the return of local youth who had finished their education.
Land use and biodiversity consequences of the scenarios
The predicted future land use and agricultural practices for the three scenarios in accordance to trends in agricultural environmental policy, were submitted by the local stakeholders (Table 2) . A general trend for all scenarios is an increase in forested land and woodland at the expense of semi-natural habitats (grasslands, heathlands and grazed woodlands; Table 3 ; Fig. 3 ).
Business as usual (BAU)
The economic incentives for agricultural production will successively decrease, which means that although there will be fewer farmers, there will be some continued maintenance, and to some extent, an increase in cultivated pastures at some of the summer farm sites. The range grazing of livestock including semi-domestic reindeer will prevail, although at a lower intensity than today (Table 2 ), since the current trend is a continuous decrease. However, the landscape will be more forested compared to the present landscape. Birch, pine and mixed woodland will increase at the expense of the presently non-forested semi-natural habitats such as semi-natural grassland and heathland.
Liberalisation scenario (LIB)
The Liberalisation scenario implies no economic incentives for agricultural production. The number of range grazing goats, sheep and cattle will decrease significantly (Table 2 ). Reindeer herding is receiving less subsidies than "ordinary" farming, and may be less affected. The major landscape change will be a significant reduction in semi-natural habitats by forest invasion. This is particularly evident for heathlands, which in the absence of grazing herbivores will be transformed to shrubland and woodland. The Liberalisation scenario gives the largest reduction of the non-forested habitats compared to the other scenarios.
Managed change for biodiversity (MCB)
Agro-environmental payments directed towards encouragement of maintaining open semi-natural grasslands set the framework for this scenario. Support will be given to livestock husbandry that involves grazing mainly in and in the vicinity of the mountain summer farm enclosures ( Table 2 ). The current process of forest colonisation of non-forested habitats will to some extent be counteracted, but only at the summer farm sites; cultivated grasslands will disappear, but semi-natural grasslands at some summer farm sites will prevail. However, the mountain birch forest as well as the pine woodland will expand and the result of this scenario will be a polarization of the landscape with open semi-natural habitats used for grazing at some summer farms while forests dominating other sites. The birch forest will increase mainly at higher altitudes, while pine will expand around the summer farms. This is the scenario with the largest areas of maintained semi-natural grasslands, subalpine grassland in Fig. 4 . The semi-natural heathlands will be reforested, though.
Landscape diversity characteristics of the different scenarios
The trends indicated in the landscape scenario maps (Fig. 3) are confirmed in the landscape metrics (Table 3; Figs. 4(a), 4(b) and 5(a), 5(b), 5(c)). The number of patches has decreased (which generally means a reduced landscape diversity) in all the three scenarios from 834 patches in 2002, to 754 in the BAU scenario, 749 in the MCB and to 604 patches in the LIB scenario ( Fig. 5(a) ). The Shannon-Weaver Diversity Evenness Index was 0.78 in 2002, 0.88 in the BAU scenario, 0.80 in MCB, and 0.73 in the LIB scenario. This means that the frequency of different habitats will be more even in BAU and MCB compared to LIB, since 1.00 is a uniform frequency of all the types of habitats. All the scenarios will have forest invasion, but with the largest magnitude in the LIB scenario. This is shown by the increase in total area, mean size and perimeter size of forest succession vegetation categories (heathland and grassland in transition to woodland) -and subsequent decrease of the same metrics for open vegetation categories (Fig. 3) . Transitional heathlands (heathland in transition to woodland) will in LIB constitute as much as 42% of the total area. Grassland and heathland habitats constitute 9% of the total area in the same scenario, which is 1/3 of their area in 2002. Also in the MCB scenario there will be reforestation of (Fig. 4) . In general, the landscape in the LIB scenario is more homogenous compared to the BAU and MCB.
Overall sustainability implications of scenarios
The results from the stakeholder panel discussions regarding the sustainability appraisal of the scenarios have been abbreviated and summarised in the Scenario comparison matrix (Table 4 ). All 20 defined sustainability objectives (Appendix 1) were assessed regarding their effects on biodiversity, natural resource management, rural economic development and institutional capacity development. The Business As Usual and Liberalisation scenarios were by far the most negative regarding meeting sustainability objectives assigned by the stakeholders, particularly in relation to biodiversity (Table 4 ). The Managed Change for Biodiversity scenario was the most positive scenario regarding the implications for biodiversity and natural resource management (Table 4) )). This would thus maintain habitat qualities for a number of species confined to such habitats. With respect to the human livelihood related categories of objectives (rural economic development and social and cultural development) the MCB also gave the most positive contribution. This is related to its relatively positive effects for traditional, lowintensive farming systems, and thus for the maintenance of the mountain cultural landscape, the latter which was assumed to be a major attraction for visitors to the region, thereby resulting in work opportunities. The stakeholders focused particularly on social and cultural factors, their way of life, and rural development, Table 4 . Summary scenario comparison matrix. Light grey (+) indicates a positive contribution; white (0) has no significant contribution; grey (-) is in conflict with objective; black (--) is in major conflict with objective; ? uncertainty about the outcome. BAU = Business As Usual; LIB = Liberalization; MCB = Managed Change for Biodiversity -see Methods for further explanations of scenarios.
and thus perceived the MCB scenario as leading to the most diverse and open society. The stakeholders' positive attitude towards tourism can probably be explained by personal experiences of small-scale, farm-based tourism and with positive relations between tourists and farmers as tourist hosts. However, stakeholders did not believe that the MCB scenario would be able to stop the ongoing decline in farming and the connected forest invasion on agricultural land. Yet, they assumed that forest colonisation could be controlled and that important landscape features at certain sites would be maintained through incentives for landscape management connected to environmentally friendly farming activities. There would thus be potential for a multifunctional agriculture, and rural business development specifically related to farm tourism and ecotourism, for which the maintenance of the landscape, biodiversity, scenic landscape qualities and access to the mountains represent crucial preconditions. In general, there was a surprisingly high degree of agreement among the stakeholders in terms of their assessments of the scenarios and of the major drivers for change. There was some differences regarding the extent of acceptance of landscape management per se. In general there was an agreement that the landscape ought to reflect some type of food production. Yet, all three scenarios were met with some extent of pessimism or sadness, realising ongoing structural decline and the difficulties in meeting these structural challenges.
Discussion Ecological landscape scenarios
The ecological landscape scenarios demonstrated that a decline in agriculture would lead to significant landscape changes. Since the land use variables were obtained through interviews and thereafter digitised, there was not perfect spatial accuracy. However, the information was very detailed and when calculating the grasing pressure indices (as described in Wehn, 2009 ) and checking the boundaries of the categories in agricultural practices-variable in the field, it was found that few of the details were lost in the digitising process (Hunziker, 1995; MacDonald et al., 2000; Lasanta et al., 2006; Gellrich and Zimmermann, 2007; Tasser et al., 2007) . The major trend in all three scenarios showed a landscape change in the direction of reforestation of open habitats even though the degree of this change differed. The ecological landscape scenarios also predicted more homogenous landscapes compared with the situation in 2002 characterised by a patchy landscape with a mixture of woodland groves of mountain birch, open heathland and grassland sites. This change of habitat distributions and alteration of the landscape pattern might reinforce the fragmentation of mountain grasslands and open heathland habitats, which will have harmful consequences both on species and populations levels (Opdam and Wascher, 2004) . The shrinking of alpine habitats due to shifts in altitudinal distribution of species (Klanderud and Birks, 2003) might also increase the extinction risk for species (Olsson et al., 2004; Thomas et al., 2004) . This process of habitat and landscape changes could be further enforced by climate change. However, the changes observed till now no doubt mainly stems from land use changes (Bryn, 2008) , although there is a great need for in the future to study the interactions between remaining effects of former land use changes and climate change. The fact that grasslands may be important for carbon sequestration is another factor that underpins the importance of maintenance of low-intensive grasing practices (FAO, 2009; Norwegian Agricultural Authority, 2009; Soussana et al., 2004) . The role of abandoned grasslands left to colonisation of shrubs and trees as part of a carbon-climate budget in Norwegian upland areas has, however, to our knowledge not been studied. The predicted, and already ongoing, loss of mountain heathlands has also significant ecological effects contributing to landscape changes implying habitat loss, homogenisation at landscape scale and extinction of species specialised to open heathland habitats. Similar to the semi-natural grasslands, the process of colonisation of trees and shrubs on the heathlands initiated by abandonment of livestock grasing, is enforced by the climate warming.
The evenness value for habitat distribution is highest in the BAU scenario which means a more even distribution of different habitats compared to the other scenarios (Begon et al., 2006) . For the MCB scenario the evenness value is lower due to a larger extent of forested habitats near the treeline although this scenario will offer the largest extent of open semi-natural habitats in the vicinity of the summer farm sites. This is in contrast to BAU where the pine forest will colonise open habitats which will result in a more forested landscape than today.
Farmer's view on mountain biodiversity
The local users are aware of the different values of the mountain cultural landscape that are emanating from the summer farm tradition and from grazing livestock in the mountains. This cultural landscape is a major attraction for visitors to the region and thereby may imply work opportunities within a developing rural tourism industry. The stakeholders expressed a great deal of concern regarding forest colonisation on semi-natural areas, both as a major threat to their own wellbeing, because they do not want a darker and more closed landscape, but also because of its possible negative consequences for tourism development. They pointed out that increased forest and shrub cover reduces the aesthetic value of the area, with fewer scenic viewpoints, and makes access for hiking in summer and for cross-country skiing in winter more difficult. Regarding biodiversity, stakeholders in this study area, as in the related BioScene project with a cross-country comparison (Soliva et al., 2008) mainly interpreted the landscape as an expression of the overall situation in the study area, which was linked to livelihoods, social, cultural and aesthetic/visual aspects. They did not consider biodiversity to be the major issue. This is in line with the results from a Finnish study that showed that biodiversity is perceived to be connected to aesthetic appreciations of the rural landscape, and that scenic and symbolic aspects are more important than ecological values to local communities (Soini and Aakkula, 2007) . However, several of the Norwegian stakeholders did to some extent connect with biodiversity, especially with respect to some plant species that are dear to them and in which they had observed decline. One example is Primula scandinavica L., a species that grows in both alpine and subalpine grasslands in this area (Wehn, 2006) . The species is endemic to the Scandinavian mountains and has its largest populations in Norwegian mountain grasslands that still are grased (Hultgård, 1993) . The stakeholders attributed this problem to the decline in livestock grasing, which in turn resulted in forest recolonisation and a concomitant decrease in the species; in this respect, there is an apparent awareness of the connection between land use and landscape change. The stakeholders clearly exhibited pride in being managers of these mountain habitats, a finding that coincides with results from Stenseke (2006) regarding attitudes towards semi-natural grassland habitats among farmers in Sweden.
Agri-environmental schemes: Food before biodiversity in Norway
Agriculture in the study area is highly dependent upon governmental support, and further decline in agriculture will have negative effects on employment and
The Interrelationship of Biodiversity and Rural Viability 271 settlement in the local community. Till now, the lack of employment alternatives, as well as a strong affinity and identification with their farms and region means that many farmers continue to work the land in spite of poor economic returns. Furthermore, some of the farmers expressed an interest in getting involved in various types of tourism, mainly small-scale enterprises linked to the farms, as well as niche food production. There is a certain optimism linked to this, which representatives of local farmers' organisations confirmed, although they pointed out that the potential in terms of demand and volume is uncertain. Liberalisation is the worst possible scenario for the majority of stakeholders, who believed that public support for mountain regions and mountain agriculture is likely to decrease in the future, thus recognising a clear tendency towards agricultural liberalisation. In their appraisal of the scenarios, stakeholders were more concerned about the consequences for livelihoods, and the local economy and culture, rather than by the landscape or species consequences as such. Generally, most stakeholders were in favour of landscape management, as implemented in agri-environmental schemes, if farmers can be directly involved and derive a benefit (cf Herzon and Mikk, 2007; Soliva et al., 2008) . Most important, they want to see such schemes in relation to continued farming in the area. Management of cultural landscapes merely for landscape and biodiversity conservation, and for the enjoyment of tourists, is seen as unacceptable.
The Norwegian stakeholder panel was the only one in the BioScene project that suggested an alternative scenario called the Environment and Solidarity (with the developing world) scenario. This scenario is based on the assumption of a global environmental crisis with degraded soils leading to food shortage, increased environmental awareness, stricter environmental regulations, increased oil/fuel prices leading to much higher transport costs, and increased demands for food production based on local resources both in the developed and the developing world. The consequence for Norway would be to rely more on local grass resources for dairy and beef production through low-intensive, environmentally friendly farming methods. This would lead to re-use of previously abandoned and marginalised farm land and possibly for increased demand for local food processing.
Visualisations were not developed for this scenario, it would, however, mean a more open landscape with more land utilised for grazing, hay meadows as well as grain production, and less forest and scrubs, probably very much resembling the landscape of the 1950s, which was rich in semi-natural biodiversity. The scenarios were developed in 2005, before the climate debate of today. A current relevant name of this alternative scenario would probably have been "Climate change and Solidarity" scenario.
A study by van der Windt et al. (2007) showed that "wilderness" is considered very attractive by conservationists and officials, in contrast to farmers who value functional biodiversity because of its potential for food production. Additionally, in the present study, Wilding (allocating the whole landscape to spontaneous forest succession) was presented to stakeholders as a possible scenario, but was totally rejected. A major issue for most of the stakeholders is that they want a landscape reflecting agricultural food production, not a landscape reflecting merely management for biodiversity. This is not a surprising finding; a number of studies show that farmers prefer to maintain food production because it is at the core of their self-understanding (Höchtl et al., 2005; Rønningen, 1999; Burton et al., 2008) . In sum, there is no doubt that there has been a gradual development in the agricultural sector in terms of self-understanding, along with structural changes and an increased focus on entrepreneurship and rural tourism.
Multifunctionality for the future of mountains
Both the participating researchers and the local stakeholders rated Managed Change for Biodiversity (MCB) as the most favourable scenario, even though the basis and argumentation for the rating presumably differ between the two groups. The open semi-natural grasslands in the study area are threatened due to forest expansions during the last decades (Olsson et al., 2000) . Ecological landscape analyses showed that Business As Usual (BAU) gave the largest area of open seminatural heathlands but Managed Change for Biodiversity (MCB) gave the highest amount of semi-natural grasslands which is the vegetation class that harbours the largest number of threatened plant species. The stakeholders rated the MCB scenario highest due to its potential for food production and for tourism development, not for the biodiversity values. For all three scenarios, the importance of conventional agriculture was diminished, and tourism was seen as an important source of income. If important landscape qualities are lost due to forest recolonisation, stakeholders believed this would reduce the attractiveness of the area for tourism and recreation in general, due to reduced aesthetic qualities as well as poorer access for recreation. There is a lack of broad and well founded landscape perception studies among tourists in Norway. However, the stakeholders indicated strongly the need for policies that stimulate land uses with a beneficial effect on landscape diversity as a precondition for economic development in multifunctional rural areas. A such development would be based on the natural and cultural heritage values linked to the semi-natural mountain landscapes. This would also lead to a positive result for biological diversity by the maintenance of favourable
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Conclusions
The connections between landscape, biodiversity and local cultural heritage as the basis for the development of local enterprises such as tourism and niche production that eventually can lead to rural viability, were pointed out by the stakeholders. Such development was predicted in a scenario that included payments for landscape and biodiversity, even though stakeholders declared that payments for landscape and biodiversity conservation alone, without the food production aspect, were unacceptable. Forest colonisation was identified as a major threat towards the landscape and biodiversity values and it would negatively change the basis for rural viability linked to tourism. Solely biodiversity values in the landscape were not considered a major factor. It is notable, though, the stakeholders in this study showed a certain awareness of biodiversity values at the species level.
Scenarios proved to be a useful tool for discussing ecological, socio-economic and cultural consequences of agricultural restructuring and decline in an agriculturally dependent mountain community in Norway. A main result from this study is the potentially close linkage between Landscape and Rural development linked to traditional and still maintained land use systems. A significant characteristic of the summer farming landscape in the eastern Jotunheimen mountain study area is that it is still, to a large extent, clearly a mountain cultural landscape without any need for large-scale restoration. This may represent the areas' greatest economic and rural development asset in the current and future situation.
Appendix 1. Sustainability Objectives Developed for the Study Area
The 
